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Name  of  Duo 
State  Located 
County  Located 
St  reaa> 

Date  of  Inspection 

Barber  Dam  was  inspected  by  a  team  of  engineer s^from  Black  &  Veatch, 
Consulting  Engineers  for  the  St.  Louis  District,  Corps  of  Engineers. 

The  purpose  of  the  inspection  was  to  make  an  assessment  of  the  general 
condition  of  the  dam  with  respect  to  safety,  based  upon  available  data 
and  visual  inspection,  in  order  to  determine  if  the  dam  poses  hazards  to 
human  life  or  property. 

The  guidelines  used  in  the  assessment  were  furnished  by  the  Depart¬ 
ment  of  the  Army,  Office  of  the  Chief  of  Engineers  and  developed  with 
the  help  of  several  Federal  and  state  agencies,  professional  engineering 
organizations ,  and  private  engineers.  Based  on  these  guidelines,  this 
dam  is  classified  as  a  intermediate  size  dam  with  a  high  downstream 
hazard  potential.  According  to  the  St.  Louis  District,  Corps  of  Engi¬ 
neers,  failure  would  threaten  lives  and  property.  The  estimated  damage 
zone  extends  approximately  two  miles  downstream  of  the  dam.  Within  the 
estimated  daaiage  zone  are  more  than  ten  dwellings,  one  highway,  Lake 
Lotawana  (Mo.  Id.  20040),  and  one  building.  Contents  of  the  estimated 
downstream  damage  zone  were  verified  by  the  inspection  team. 

^  Our  inspection  and  evaluation  indicates  the  drop  inlet  spillway  and 
two  overflow  sections  do  not  meet  the  criteria  set  forth  in  the  guide¬ 
lines  for  a  dam  having  the  above  size  and  hazard  potential.  The  spillway 
and  overflow  sections  will  not  pass  the  probable  maximum  flood  without 
overtopping  but  the  dam  will  pass  65  percent  of  the  probable  maximum 
flood.  The  spillway  and  overflow  sections  will  pass  the  flood  which  has 
a  one  percent  chance  of  occurrence  in  any  given  year  (100-year  flood) . 

The  spillway  design  flood  recommended  by  the  guidelines  is  100  percent 
of  the  probable  maximum  flood.  The  probable  maximum  flood  is  defined  as 
the  flood  discharge  which  may  be  expected  from  the  most  severe  combina¬ 
tion  of  critical  meteorologic  and  hydrologic  conditions  which  are  reason¬ 
ably  possible  in  the  region. 

Based  on  visual  observations,  this  dam  appears  to  be  in  satisfac¬ 
tory  condition.  Deficiencies  visually  observed  by  the  inspection  team 
were  erosion  of  the  upstream  slope,  erosion  at  the  waterline  due  to  wave 
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action,  embankment  cracking  along  the  upstream  edge  of  the  crest, 
possible  settlement  of  the  crest  in  proximity  of  the  original  stream 
channel,  animal  burrows  in  the  embankment,  no  grass  cover  slope  protec¬ 
tion  on  upstream  face,  and  no  riprap  protection.  Seepage  and  stability 
analyses  required  by  the  guidelines  were  not  available. 

There  were  no  observed  deficiencies  or  conditions  existing  at  the 
time  of  the  inspection  which  indicated  an  immediate  safety  hazard. 
Future  corrective  action  and  regular  maintenance  will  be  required  to 
correct  or  control  the  described  deficiencies.  In  addition,  detailed 
seepage  and  stability  analyses  of  the  existing  dam,  as  required  by  the 
guidelines,  should  be  performed.  A  detailed  report  discussing  each  of 
these  deficiencies  is  attached. 


Edwin  R.  Burton,  PE 
Missouri  E-10137 


Harnf  L.  Callahan,  Partner 
Black  &  Veatch 
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SECTION  I  -  PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority ■  The  National  Daa  Inspection  Act,  Public  Law  92-367, 
authorized  the  Secretary  of  the  Aney,  through  the  Corps  of  Engineers,  to 
initiate  a  prog ran  of  safety  inspection  of  dseis  throughout  the  United 
States.  Pursuant  to  the  above  the  District  Engineer  of  the  St.  Louis 
District,  Corps  of  Engineers,  directed  that  a  safety  inspection  of 
Barber  Daa  be  nade. 

b.  Purpose  of  Inspection  The  purpose  of  the  inspection  was  to 
make  an  assessawnt  of  the  general  condition  of  the  daa  with  respect  to 
safety,  based  upon  available  data  and  visual  inspection,  in  order  to 
determine  if  the  daa  poses  hazards  to  human  life  or  property. 

c  Evaluation  Criteria.  Criteria  used  to  evaluate  the  daa  were 
furnished  by  the  Department  of  the  Army,  Office  of  the  Chief  of  Engi¬ 
neers,  in  "Recosssended  Guidelines  for  Safety  Inspection  of  Dams.”  These 
guidelines  we  re  developed  with  the  help  of  several  Federal  agencies  and 
aany  state  agencies,  professional  engineering  organizations,  and  private 
engineers 

12  DESCRIPTION  OF  PROJECT 

a  Description  of  Daa  and  Appurtenances 

•  i  >  The  daa  is  an  earth  structure  located  in  the  valley  of  a 
tributary  ot  Lake  Lotawana  t see  Plate  1 .  The  watershed  is  an  area  of 
low  hills  consisting  of  about  95  percent  cropland  and  5  percent  residenta 
urban  development  The  daa  is  approsiaate 1 v  1,845  feet  long  along  the 
crest  and  «*9  feel  high  The  daa  crest  is  1'  feet  wide  The  downstream 
face  of  the  daa  has  a  relatively  uniform  slope  from  the  crest  to  the 
valley  floor  beiow 

i2i  The  spillway  is  a  e-foot  diameter  welded  steei  pipe  drop  inlet 
with  an  antivortes  plate  and  trash  bars,  and  with  a  3-foot  diameter 
welded  steel  outlet  pipe  The  spillway  drop  inlet  is  located  approxi- 
aatelv  »(J  feet  upstreaa  from  the  crest  of  the  daa  The  flow  through  the 
spillway  will  he  controlled  by  the  water  surface  elevation  above  the 
spillway  crest  A  trash  rack  is  attached  to  tbe  inlet  opening  crest 
and  the  top  of  tbe  antivortes  plate  Tbe  spillway  pipe  protrudes  about 
*•  feet  vertically  from  tbe  embankment  till  Discharges  from  tbe  spiilwax 
pipe  are  to  a  cultivated  valley  downstream  of  tbe  daa 

til  Located  at  both  ends  of  the  daa  ea&ankaent  are  defined  overflow 
sections  From  inspection  these  sections  appear  to  be  formed  as  a 
result  of  not  extending  the  daa  crest  elevation  entirely  to  tbe  natural 
valley  walls  See  Plate  5 
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(4)  Pertinent  physical  data  arc  given  in  paragraph  1.3. 

b.  Location  The  dea  ia  located  in  southeast  Jachson  County , 
Missouri,  as  indicated  on  Plate  1.  The  lake  fonaed  by  the  dan  is  in  an 
area  show  on  the  United  States  Geological  Survey  7.5  mnute  aeries 
quadrangle  nap  for  Lahe  Jacomo,  Missouri  in  Section  1  of  T47N,  R31W,  and 
Section  6  of  T47N,  R30W. 

c  Sine  Classification  Criteria  for  determining  the  sine  classi¬ 
fication  of  dans  and  mpouadnents  are  presented  m  the  guidelines  refer¬ 
enced  m  paragraph  lie  above  Sased  on  these  criteria,  the  dan  and 
impoundment  are  in  the  intermediate  sine  category.  An  intermediate  sine 
dan  is  classified  as  having  a  height  less  than  100  feet,  but  greater 
than  or  equal  to  40  feet  and/or  a  atorage  capacity  leas  than  50,000 
acre-feet,  but  greater  than  or  equal  to  1,000  acre-feet. 

d.  Menard  Classification.  The  hanard  classification  assigned  by 
the  Corps  of  Engineers  for  this  dan  is  as  follow:  iarber  Dan  has  a 
high  hanard  potential,  neaning  that  the  dan  is  located  where  failure  nay 
cause  loss  of  life,  and  serious  damage  to  hoaMs ,  agricultural,  industrial 
and  commercial  facilities,  and  to  important  public  utilities,  main  high¬ 
ways,  or  railroads  For  barber  Dan  the  estimated  flood  damage  none  ex¬ 
tends  approximately  two  miles  downstream  of  the  dan  Within  the  esti¬ 
mated  damage  sooe  are  more  than  ten  dwellings,  one  highway,  Lahe  Lotawana 
•  Mo  Id  20040),  and  one  building  Contents  of  the  estiawted  downstream 
damage  none  were  verified  by  the  inspection  team 

r  thsnership  The  dan  is  owned  by  Mr  Anthony  barber,  Milton- 
Thanpson  Road.  Lee  »  Summit,  Mo 

t  Purpose  of  Dam  The  dam  will  form  a  146-acre  lake  used  for 
recreation  and  potential  future  irn  ion 

•  Desijn  and  Construction  History  Data  relating  to  the  design 
and  construction  were  not  available  Mr.  barber,  however,  stated  that 
construction  took  2  years  and  was  completed  in  1978 

b  hormal  Ope ratios  Procedure  Normal  rainfall,  runoff,  trans¬ 
piration.  evaporation,  and  overflow  through  the  uncontrolled  spillway  is 
expected  to  swintain  a  relatively  stable  water  surface  elevation  Tbr 
reservoir  pool  has  not  filled  to  the  spillway  elevation  since  closure  of 

the  dam 

1  3  PERTINENT  DATA 

a  Drainage  Area  -  818  acres 


b.  Diicjurgt  at  D—  its. 

(lj  Normal  discharge  st  the  daauite  is  designed  to  pass  through 
the  4- foot  diameter  drop  inlet  and  3-foot  diameter  discharge  pipe. 

(2)  Estiaated  experienced  aaxiaua  flood  st  daasite  -  Unknown.  The 
site  did,  however,  experience  s  rainfsll  of  about  10.5  inches  during  a 
24  hour  period  in  Septeaber  1977.  The  daa  was  under  construction  at 
that  tiae  and  flood  water  was  released  through  two  10-inch  drain  pipes. 

(3)  Estiaated  ungated  spillway  capacity  st  aaxiaua  pool  elevation 
4,820  cfs  (Probable  Haxiaua  Flood  Pool  El.  989.1). 


c .  Elevation 
elevation) . 


iroxiaate.  feet  above  ai.s.l.  based  on  USGS  spot 


(1)  Top  of  daa  -  988.3  (see  Plate  3) 

(2)  Spillway  crest  -  983-3 

(3)  Streaabed  at  toe  of  daa  -  939.0 

(4)  Haxiaua  tailwater  -  Unknown, 
d.  Reservoir. 

(1)  Length  of  aaxiaua  pool  -  4,300  feet  ♦  (Probable  aaxiaua  flood 
pool  level) 

(2)  Length  of  nonaal  pool  -  3,800  feet  ♦  (Spillway  crest) 
e  Storage  (Acre-feet) . 

(lj  Top  of  daa  -  2,740 

(2)  Spillway  crest  -  1,910 

(3)  Reservoir  pool  at  tiae  of  inspection  (Elevation  966. 0)  -  443 

( 4 )  Design  surcharge  -  Not  available, 
f .  Reservoir  Surface  (Acres ) . 

( 1 )  Top  of  daa  -  190 

(2)  Spillway  crest  -  146 
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(3)  Reservoir  pool  at  tiae  of  inspection  (Elevation  966.0)  -  47 

g.  Deal. 

(1)  Type  -  Earth  eabankawnt 

(2)  Length  -  1,845  feet 

(3)  Height  -  49  feet  ♦ 

(4)  Top  width  -  17  feet 

(5)  Side  slopes  -  upstreaa  face  between  1.0  V  on  3.1  H  and  1.0  V 
on  3.5  H,  downs treae  face  between  1.0  V  on  3.0  H  and  1.0  V  on  4.0  H  (see 
Plate  4) 

(6)  Zoning  -  Unknown. 

(7)  laq>ervious  core  -  Unknown. 

(8)  Cutoff  -  Unknown. 

(9)  Grout  curtain  -  Unknown. 

h.  Diversion  and  Regulating  Tunnel. 

i .  Spillway. 

(1)  Type  >  4- foot  disaster  welded  steel  pipe  drop  inlet  with 
3-foot  disaster  welded  steel  outlet  pipe,  antivortex  plate  and  trash 
rack. 

(2)  Drop  inlet  crest  elevation  -  983.3  feet  a.s.l. 

(3)  Drop  inlet  invert  elevation  -  953-8  feet  a.s.l. 

(4)  Outlet  pipe  invert  elevation  -  950.0  feet  a.s.l. 

(5)  Gates  -  None. 


d. 


(6)  Upstreaa  channel  -  None. 

(7)  Downs treaa  channel  -  Discharges  to  cultivated  valley  below  the 
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j .  Overflow  Sections . 

(1)  Type  -  The  areas  between  the  dam  crest  and  abutments  are  grass 
lined  channels  which  will  act  as  emergency  spillways. 

(2)  East  channel  crest  -  985.2  feet  m.s.l. 

West  channel  crest  -  985.9  feet  m.s.l. 

(3)  Gates  -  None. 

(4)  Upstream  channel  -  Grasslined. 

(5)  Downstream  channel  -  Discharge  to  downstream  slope  and  abut- 
ments. 

K.  Regulating  Outlets  -  Owner  reported  that  two,  10-inch  diameter 
pipes  with  valves  are  inplace  as  regulating  devices.  He  further  reported 
that  these  two  pipes  were  used  during  the  September  1977  flood.  These 
pipes  and  valves  were  not  found  by  the  inspection  team. 
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SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 

Design  data  were  not  available.  Survey  data,  dated  December  1979, 
including  the  drop  inlet  crest  elevation  and  normal  reservoir  shoreline 
on  land  adjoining  the  owner's  were  provided  by  Harvey  A.  Jones  Engineer¬ 
ing  Co . ,  Inc . 

2 . 2  CONSTRUCTION 

Construction  records  were  unavailable.  The  owner  reported  that  the 
construction  of  the  dam  took  2  years  and  that  fill  material  came  from 
reservoir  pool  area.  The  dam  was  reportedly  completed  in  1978. 

2.3  OPERATION 

Operational  records  and  documentation  of  floods  since  completion  of 
the  dam  were  unavailable.  The  dam  was  under  construction  during  the 
September  1977  flood  and  the  owner  reported  that  two  10-inch  diameter, 
valved  pipes  were  used  to  release  the  flood  pool  stored  during  this 
particular  flood  event. 

2 . 4  GEOLOGY 

The  site  for  the  dam  and  reservoir  is  located  across  a  broad  shallow 
valley.  The  dam  impounds  the  drainage  from  a  tributary  to  Lake  Lotawana. 

The  soils  in  the  area  of  the  dam  and  reservoir  are  of  the  Polo-Sogn 
soil  association  (1).  The  Polo  soil  series  is  developed  in  loess  over- 
lying  interbedded  shales  and  lia»stones  and  is  coaiposed  of  silty  clay. 

The  Sogn  soil  series  is  developed  in  residuum  from  weathering  of  lime¬ 
stones  and  is  composed  of  clay.  No  engineering  classifications  of 
either  the  Polo  or  Sogn  soil  series  were  available. 

The  bedrock  in  the  area  of  the  dam  and  reservoir  consists  of  inter¬ 
bedded  shale  and  limestone  of  the  Kansas  City  Group  of  the  Des  Moinesian 
series  of  the  Pennsylvanian  System.  The  depth  to  rock  is  not  known  (2). 

2.5  EVALUATION 

a.  Availability.  No  engineering  data  were  available. 

b.  Adequacy.  No  engineering  data  were  available.  Thus,  an  assess¬ 
ment  of  the  design,  construction,  and  operation  could  not  be  made. 

Seepage  and  stability  analyses  comparable  to  the  requirements  of  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams"  were  not  avail¬ 
able,  which  is  considered  a  deficiency.  These  seepage  and  stability 


analyse*  should  be  perfonsed  for  appropriate  loading  conditions  (includ 
ing  earthquake  loads)  and  aade  a  natter  of  record. 

c.  Validity.  The  validity  of  the  design,  construction,  and  opera 
tion  could  not  be  detenained  due  to  the  lack  of  engineering  data. 


SECTION  3  -  VISUAL  INSPECTION 


X. 


3.1  FINDINGS 

a.  General .  A  visual  inspection  of  Barber  Dam  was  made  on  16 
December  1980.  The  inspection  team  consisted  of  Edwin  Burton,  team 
leader;  Robert  Pinker,  geologist;  Gary  Van  Riessen,  geotechnical  engi¬ 
neer;  Paul  MacRoberts,  civil  engineer;  and  Thomas  Rutherford  hydraulic- 
hydrologic  engineer.  The  dam  appeared  to  be  in  satisfactory  condition. 
Specific  observations  are  discussed  below.  No  observations  were  siade  of 
the  condition  of  the  upstream  face  of  the  dam  below  the  pool  elevation 
at  the  time  of  the  inspection. 

b.  Dam.  The  inspection  team  observed  the  following  conditions  at 
the  dam.  An  area  of  cracking  along  the  upstream  edge  of  the  crest  was 
observed  from  approximately  station  13+00  to  14+00.  The  cracks  were 
eroded  to  about  6  inches  wide  and  were  from  1  to  2  feet  deep.  Some 
minor  sloughs  along  the  edge  oi  the  crest  in  this  area  had  occurred. 

There  were  numerous  animal  burrows  in  this  area.  Field  survey  measure¬ 
ments  indicate  possible  settlement  in  the  region  of  the  old  streambed. 

No  instruments  to  measure  the  performance  of  the  dam  were  located.  No 
toe  drains  or  relief  wells  were  observed. 

A  ponding  area  was  observed  downstream  of  the  dam  near  the  toe  of 
the  embankment.  This  area  is  believed  to  be  the  result  of  poor  drainage 
from  the  cultivated  cropland. 

The  dam  crest  has  a  mowed  grass/weed  cover  with  some  worn  spots, 
due  to  vehicle  traffic.  Wave  action  erosion  was  observed  on  the  upstream 
slope.  There  is  no  riprap  protection  on  the  upstream  face  of  the  embank¬ 
ment.  The  upstream  slope  has  uncontrolled  weed  growth,  whereas,  the 
downstream  slope  has  a  good  stand  of  fescue  grass. 

Some  erosion  gullies  were  observed  on  the  upstream  slope  and  numerous 
animal  burrows  are  present  on  both  slopes. 

No  evidence  was  found  to  indicate  that  the  embankment  had  ever  been 
overtopped,  or  that  the  reservoir  pool  has  reached  the  spillway  inlet 
elevation. 

There  was  no  evidence  that  a  maintenance  program  was  in  effect  but 
the  owner  stated  that  he  plans  to  seed  the  dam  in  1981. 

c.  Appurtenant  Structures.  The  inspection  team  observed  the 
following  items  pertaining  to  the  appurtenant  structures.  The  spillway 
consists  of  a  4-foot  diameter  welded  steel  pipe  with  an  antivortex  plate 
and  trash  rack,  and  a  3-foot  diameter  welded  steel  outlet  pipe.  The 
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spillway  appeared  to  be  in  good  condition.  It  should  be  noted  that  an 
abnormally  large  spillway  discharge  would  probably  not  damage  the  embank¬ 
ment  due  to  the  location  of  the  point  of  discharge. 

There  was  no  development  in  the  spillway  discharge  area  which  would 
suffer  damage  due  to  flow  through  the  spillway. 

d.  Geology.  The  soils  surrounding  the  dam  and  reservoir  consist 

of  silty  clays  that  have  foneed  in  loess  and  residuum  from  shale  bedrock. 
The  soils  were  visually  classified  for  engineering  purpose  as  silty  clay 
of  both  low  and  high  plasticity  (CL  or  CH). 

The  foundation  of  the  dam  is  shale.  The  abutarents  are  residual 
silty  clay  soil  overlying  shale  with  thin  interbedded  limestones.  The 
shale  is  thin-bedded,  gray,  and  weathers  to  a  tan.  These  thin  limestone 
beds  outcrop  approxiautely  10  feet  above  the  waterline. 

The  limestones  are  less  than  0.S  feet  thick,  are  not  jointed,  and 
are  seprated  by  one  to  three  feet  of  shale. 

Auger  samples  of  the  material  were  taken  with  an  Oakfield  sampler 
near  the  center  of  the  downstream  crest  of  the  embankment.  The  saaq>les 
were  visually  classified  as  silty  clay  (CL).  Based  on  these  samples,  it 
is  surmised  that  the  embankment  is  constructed  of  materials  similar  to 
those  in  the  samples. 

e.  Reservoir  Area.  No  slumping  or  slides  of  the  reservoir  banks 
were  observed.  Exposed  valley  walls  in  proximity  to  the  embankment  have 
been  stripped  of  earth  materials  during  dam  construction.  The  upstream 
channel  to  the  lake  is  relatively  free  of  debris  and  trees.  The  lake 
was  noted  to  be  clean  with  no  siltation. 

f.  Downstream  Channel.  The  spillway  discharges  to  the  cultivated 
valley  below  the  dam. 

3 . 2  EVALUATION 

The  various  deficiencies  observed  at  the  time  of  inspection  have 
occurred  during  a  period  when  the  reservoir  pool  is  filling.  Deficien¬ 
cies  generally  associated  with  full  pool  conditions  or  age  of  the  struc¬ 
ture  such  as  seepage,  tree  growth,  overtopping  etc.  were  not  noted.  The 
observed  deficiencies,  herein  reported,  are  not  believed  to  represent  an 
immediate  safety  hazard.  They  do,  however,  warrant  monitoring  and 
control.  In  addition  to  monitoring  known  deficiencies,  the  dam  should 
be  monitored  during  the  filling  process  for  seepage,  piping  along  the 
outlet  pipe  and  slope  stability  problems. 
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The  low  area  surveyed  on  the  dan  crest  at  about  station  11*00 
appears  to  be  in  proximity  of  the  original  stream  channel  and  could 
possibly  be  indicative  of  embankment  material  consolidation  or  consoli¬ 
dation  of  the  underlying  foundation  Materials.  This  is  not  believed  to 
be  a  significant  problem  at  this  time,  however,  the  daa  crest  should  be 
aonitored  on  a  regular  basis  and  if  further  lowering  of  the  crest  is 
observed  it  should  be  evaluated  by  an  engineer  experienced  in  earth 
structures . 

The  growth  of  weeds  on  the  upstrean  slope,  if  allowed  to  go  un¬ 
checked,  could  cause  deterioration  of  the  eabankaent.  The  weeds  have 
effectively  killed  the  saaller  grasses  whose  roots  are  aore  effective  in 
protecting  the  surface  soil  of  the  slope  froa  erosion.  The  tall  uncut 
weeds  provides  habitat  for  burrowing  aniaals  which  can  daaage  the  eabank¬ 
aent  . 


The  area  of  ponding  downstream  of  the  daa  which  was  observed  should 
be  SK>nitored  regularly  to  confira  that  it  is  a  not  a  daa  related  problem. 

The  erosion  gullies  on  the  upstreaa  slope  of  the  eabankaent  will 
continue  to  erode  unless  they  are  repaired  and  seeded.  The  area  of 
cracking  and  sloughing  appeared  to  be  due  to  a  steepened  upper  slope 
which  had  been  undercut  by  burrowing  animals.  The  cracks  have  been 
widened  and  deepened  by  erosion  due  to  surface  drainage.  This  area 
should  be  redressed  and  seeded  and  monitored  for  any  signs  of  slope 
instability. 

The  absence  of  riprap  on  the  upstream  slope  of  the  dam  has  resulted 
in  wave  action  erosion.  If  not  corrected  wave  action  will  continue  to 
erode  the  embankment  and  could  lead  to  slope  stability  problems.  Riprap 
protection  should  be  placed  around  the  protruding  drop  inlet  structure 
as  well  as  along  the  dam's  upstream  slope  at  the  normal  pool  elevation. 
Observed  erosion  dasuge  should  be  repaired  prior  to  inundation  by  the 
reservoir  pool. 

Burrowing  animals  will  continue  to  damage  the  embankment  if  a 
program  is  not  undertaken  to  eliminate  them.  Piping  failure  of  embank¬ 
ments  have  resulted  froa  damages  caused  by  burrowing  animals. 
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SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

The  pool  is  primarily  controlled  by  rainfall,  runoff,  evaporation, 
transpiration,  and  capacity  of  the  uncontrolled  spillway.  Two  valved 
10-inch  drain  pipes  are  reportedly  inplace  for  drawdown  or  irrigation 
use.  The  inspection  team  did  not  confirm  their  presence. 

The  relatively  large  storage  voluae  at  the  designed  noraal  pool 
elevation  and  saall  contributing  watershed  aay  lead  to  long  periods  of 
less  than  full  reservoir  conditions.  A  preliainary  estiaate,  based 
solely  on  average  annual  precipitation  and  evaporation  with  no  allowances 
for  bank  storage,  seepage,  etc.,  indicates  that  the  reservoir  filling 
process  will  take  about  5  years.  Abnoraally  wet  or  dry  conditions  will 
materially  effect  this  estimated  tiae  period. 

4.2  MAINTENANCE  OF  DAM 

There  was  no  evidence  that  a  aaintenance  program  was  in  effect. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 
No  operating  facilities  exist. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 

There  is  no  existing  warning  system  or  preplanned  scheae  for  alert¬ 
ing  downstream  residents  for  this  dam. 

4.5  EVALUATION 

A  maintenance  program  should  be  developed  and  implemented  to  include 
planting  and  mowing  grass  cover  on  the  embankment  in  order  to  reduce 
erosion  and  discourage  animal  burrowing. 


SECTION  5  -  HYDRAULI C/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  No  design  data  were  available. 

b.  Experience  Data.  The  drainage  area  and  lake  surface  area  are 
developed  from  USGS  Lake  Jacomo  Quadrangle  Map.  The  da*  layout  is  from 
a  survey  aade  during  the  inspection. 

c .  Visual  Observations . 

(1)  The  spillway  appears  to  be  in  good  condition.  The  lake  level 
at  the  tine  of  the  inspection  (El.  966.0)  was  below  the  spillway  crest 
level  by  about  17  feet.  There  were  no  obstructions  to  flow  in  the 
downstreaa  channel. 

(2)  The  overflow  sections  at  the  abutments  of  the  dam  will  act  as 
emergency  spillways  during  periods  of  flooding. 

(3)  Spillway  discharges  from  the  outlet  pipe  will  not  endanger  the 
integrity  of  the  dam. 

(4)  Discharges  from  the  two  overflow  sections  could  cause  erosion 
to  occur  on  the  downstream  slopes  in  proximity  to  the  abutments  There 
exists  the  possibility  under  extreme  conditions  that  discharge  could 
take  place  over  the  east  basin  divide  to  the  adjacent  valley  in  the 
vicinity  of  the  overflow  section. 

d.  Overtopping  Potential.  The  combined  capacity  of  the  drop  inlet 
spillway  and  the  two  overflow  sections  will  not  pass  the  probable  maximum 
flood  without  overtopping  the  dam.  The  probable  maximum  flood  is  defined 
as  the  flood  discharge  that  may  be  expected  from  the  most  severe  combina¬ 
tion  of  critical  meteorologic  and  hydrologic  conditions  that  are  reason¬ 
ably  possible  in  the  region.  The  spillway  and  overflow  sections  will 

i  pass  65  percent  of  the  probable  maximum  flood  without  overtopping  the 

'  dam.  The  spillway  and  overflow  sections  will  pass  the  one  percent 

chance  flood  estimated  to  have  a  peak  inflow  of  1,860  cfs  resulting  in 
an  outflow  of  72  cfs  developed  from  a  24-hour,  one  percent  chance  rain¬ 
fall.  According  to  the  recommended  guidelines  from  the  Department  ot 
the  Army,  Office  of  the  Chief  of  Engineers,  a  high  hazard  dam  of  inter¬ 
mediate  size  should  pass  100  percent  of  the  probable  maximum  flood  The 
portion  of  the  estimated  peak  discharge  of  the  probable  maximum  flood 
overtopping  the  dam  would  be  834  cfs  of  the  total  discharge  from  the 
reservoir  of  5,820  cfs.  The  estimated  duration  of  overtopping  is  . 
hours  with  a  maximum  height  of  0.8  feet  The  embankment  could  be  jeopar¬ 
dized  should  overtopping  occur  for  this  period  of  time. 


According  to  the  St.  Louis  District,  Corps  of  Engineers,  the  effect 
fro*  rupture  of  the  da*  could  extend  approximately  two  miles  downstream 
of  the  da*.  More  than  ten  dwellings,  one  highway,  one  building  and  Lake 
Lotawana  (Mo.  Id.  20040)  could  be  severely  damaged  and  lives  could  be 
lost  should  failure  of  the  da*  occur.  Contents  of  the  estimated  down¬ 
stream  dasage  zone  were  verified  by  the  inspection  team.  There  does  not 
appear  to  be  any  flood  plain  regulations  or  other  constraints  in  force 
to  limit  future  downstream  development  upstream  of  Lake  Lotawana.  The 
flood  plain  area  downstream  of  Lake  Lotawana  has  been  studied  under  the 
Flood  Insurance  progra*  and  does  have  flood  plain  regulations  in  effect. 


i. 


SECTION  6  -  STRUCTURAL  STABILITY 
6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations .  Viaual  observations  of  conditions  wbich 
affect  the  structural  stability  of  this  dsai  are  discussed  in  Section  3, 
paragraph  3.1b. 

b.  Design  and  Construction  Data.  No  design  data  relating  to  the 
structural  stability  of  the  dan  were  found.  Seepage  and  stability 
analyses  coaq>arable  to  the  requirements  of  the  "Recoaaended  Guidelines 
for  Safety  Inspection  of  Daas”  were  not  available,  which  is  considered  a 
deficiency. 

c.  Operating  Records.  No  operational  records  exist. 

d.  Postconstruction  Changes.  No  postconstruction  changes  are 
evident . 

e.  Seismic  Stability.  The  daa  is  located  in  Seisaic  Zone  1  which 
is  a  zone  of  ainor  seiaaic  risk.  A  properly  designed  and  constructed 
earth  daa  using  sound  engineering  principles  and  conservatisa  should 
pose  no  serious  stability  probleas  during  earthquakes  in  this  zone.  The 
seisaic  stability  of  an  earth  daa  is  dependent  upon  a  nuaber  of  factors: 
eabankaent  and  foundation  aaterial  classifications  and  shear  strengths; 
abutatent  materials,  conditions,  and  strengths;  eabankaent  zoning;  and 
embankment  geoaetry.  Adequate  descriptions  of  eabankaent  design  para¬ 
meters,  foundation  and  abutment  conditions,  or  static  stability  analyses 
to  assess  the  seiaaic  stability  of  this  eabankaent  were  not  available 
and  therefore  no  inferences  will  be  aade  regarding  the  seisaic  stability. 
An  assessment  of  the  seisaic  stability  should  be  included  as  part  of  the 
stability  analysis  required  by  the  guidelines. 
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SECTION  7  -  ASSESSMENT /REMEDIAL  MEASURES 
71  DAM  ASSESSMENT 

a.  Safety .  Several  conditions  observed  during  the  visual  inspec¬ 
tion  by  the  inspection  teaai  should  be  monitored,  controlled  and/or 
corrected.  These  are  erosion  on  the  upstreaa  slope,  erosion  at  the 
waterline  due  to  wave  action,  the  lack  of  adequate  slope  protection  on 
i-ne  upstreaa  slope  of  the  eabankaent,  possible  settlestent  of  the  crest 
in  proxiaity  to  the  original  streaa  channel,  cracking  along  the  upstreaa 
edge  of  the  crest,  ponding  of  water  downstreaa  of  the  daa,  and  aniaal 
burrows  in  the  eabankaent .  Seepage  and  stability  analyses  coaparable  to 
the  requiresamts  of  the  "Recoaaended  Guidelines  for  Safety  Inspection  of 
Daas"  were  not  available,  which  is  considered  a  deficiency. 

b.  Adequacy  of  Inforaation.  Due  to  the  absence  of  engineering 
design  data,  the  conclusions  in  this  report  were  based  on  perforaance 
history  discussions  with  the  owner  and  visual  conditions.  The  inspection 
teaa  considers  that  these  data  are  sufficient  to  support  the  conclusions 
herein.  Seepage  and  stability  analyses  coaparable  to  the  requirea^nts 

of  the  "Recoaswnded  Guidelines  for  Safety  Inspection  of  Daas"  were  not 
available,  which  is  considered  a  deficiency. 

c.  Urgency ■  It  is  the  opinion  of  the  inspection  teaa  that  a 
prograa  should  be  developed  as  soon  as  possible  to  isipleaent  reaedial 
aeasures  recoaaended  in  paragraph  7.2b.  If  the  safety  deficiencies 
listed  in  paragraph  7.1a  are  not  corrected,  they  will  continue  to  deteri¬ 
orate  and  lead  to  a  serious  potential  of  failure. 

d.  Necessity  for  Phase  II.  The  Phase  I  investigation  does  not 
raise  any  serious  questions  relating  to  the  safety  of  the  dam  nor  does 
it  identify  any  serious  dangers  which  would  require  a  Phase  II  investi¬ 
gation.  However,  the  additional  analyses  noted  in  paragraph  2.5b  are 
necessary  for  compliance  with  the  guidelines. 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  1. 
Adequate  description  of  embankment  design  parameters,  foundation  and 
abutment  conditions,  or  static  stability  analyses  to  assess  the  seismic 
stability  of  this  embankment  were  not  available  and  therefore  no  infer¬ 
ences  will  be  made  regarding  the  seismic  stability.  An  assessment  of 
the  seismic  stability  should  be  included  as  part  of  the  recommended 
stability  analysis. 

7.2  REMEDIAL  MEASURES 

a.  Alternatives .  The  spillway  capacity  would  need  to  be  increased 
or  the  lake  level  would  need  to  be  permanently  maintained  at  a  lower 
normal  level  to  increase  available  flood  storage  in  order  to  pass  the 
spillway  design  flood  without  overtopping  the  dam. 


b  Qpritua  and  lUiattMact  Procedures  The  following  operation 
and  maintenance  procedure!  are  recaamended  and  should  be  carried  out 
under  the  direction  of  a  professional  engineer  experienced  in  the  design, 
construction,  and  aaintenance  of  earth  dama . 

(1)  Riprap  should  be  placed  on  the  up at  ream  face  of  the  daai  to  an 
elevation  above  the  stabilised  lake  level  to  prevent  erosion  of  the 

embankment  material. 

(2)  The  ponding  area  downstream  of  the  embankment  noted  during  the 
visual  inspection  should  be  closely  awnitored  and  documented  to  confirm 
that  it  is  not  dam  related.  Any  significant  findings  contrary  to  the 
inspection  teaais  conclusions  should  be  evaluated. 

(3)  The  upstream  face  of  the  dam  should  be  redressed  and  seeded  to 
develop  a  suitable  protective  cover. 

(4)  Wave  induced  erosion  and/or  sloughing  should  be  repaired  as 
the  reservoir  level  increases  during  filling. 

(5)  An  improved  maintenance  program  should  be  developed  to  include 
control  of  weed  growth  on  the  embankment  and  periodic  cutting  of  the 
grass  on  the  embankment  slopes. 

(6)  The  animal  burrows  in  the  embankment  should  be  corrected  since 
tuey  can  contribute  to  the  occurrence  of  piping.  Control  aeasurei 
should  be  impleamnted  to  discourage  animal  activity  in  the  area.  The 
embankment  slope  should  be  monitored  by  a  qualified  engineer  during 
repair  of  the  embankment . 

(7)  Seepage  and  stability  analyses  should  be  performed. 

(8)  The  observed  settlement  of  the  dam  crest  should  be  monitored 
on  a  regular  basis  to  ascertain  whether  or  not  it  is  an  ongoing  condi¬ 
tion.  If  the  condition  is  found  to  be  continuing,  corrective  measures 
should  be  developed  by  an  engineer  experienced  in  earth  dams  and  imple¬ 
mented  . 

(9)  A  detailed  inspection  of  the  dam  should  be  made  periodically. 
More  frequent  inspections  may  be  required  if  additional  deficiencies  are 
observed  or  the  severity  of  the  reported  deficiencies  increase. 
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HYDROLOGIC  AND  HYDRAULIC  ANALYSES 


To  determine  the  overtopping  potential,  flood  routings  were  per¬ 
formed  by  applying  the  Probable  Maximum  Precipitation  (PMP)  to  a  synthe¬ 
tic  unit  hydrograph  to  develop  the  inflow  hydrograph.  The  inflow  hydro¬ 
graph  was  then  routed  through  the  reservoir,  drop  inlet  spillway  and  two 
overflow  sections.  The  overtopping  analysis  was  determined  using  the 
computer  program  HEC-1  (Dam  Safety  Version)  (3). 

The  PMP  was  determined  from  regional  charts  prepared  by  the  National 
Weather  Service  in  "Hydrometeorological  Report  No.  33"  (HMR-33)  (4). 
Reduction  factors  were  not  applied.  The  rainfall  distribution  for  the 
24-hour  PMP  storm  was  determined  according  to  the  procedures  outlined  in 
HMR-33  and  EM  1110-2-1411  (5).  The  Kansas  City,  Missouri  rainfall 
distribution  (5  min.  interval  -  24  hours  duration),  as  provided  by  the 
St.  Louis  District,  Corps  of  Engineers,  was  used  when  the  one  percent 
chance  probability  flood  was  routed  through  the  reservoir,  spillway  and 
overflow  sections. 

The  synthetic  unit  hydrograph  for  the  watershed  was  developed  by 
the  computer  program  using  the  Soil  Conservation  Service  (SCS)  method 
C 3 ,  6)  The  hydrograph  lag  time  was  calculated  by  the  SCS  Curve  Number 

Method.  This  value  was  verified  for  reasonableness  by  the  Kirpick 
formula  The  parameters  for  the  unit  hydrograph  are  shown  in  Table  1. 

The  SCS  curve  number  (CN)  method  was  used  in  cosqiuting  the  infil¬ 
tration  losses  for  the  rainfall-runoff  relationship.  The  CN  values 
used,  and  the  result  from  the  computer  output,  are  shown  in  Table  2. 

The  reservoir  routing  was  performed  using  the  modified  Puls  method. 
The  initial  reservoir  pool  elevation  for  the  routing  of  each  storm  was 
assuawd  to  be  equivalent  to  the  crest  elevation  of  the  drop  inlet  spill¬ 
way  (983.3  feet  m.s.l.)  in  accordance  with  antecedent  storm  conditions 
AMC  II  and  AMC  III  preceding  the  one  percent  probability  and  probable 
maximum  storms  as  outlined  by  the  U.S.  Army  Corps  of  Engineers,  St. 

Louis  District  (6).  The  hydraulic  capacities  of  the  drop  inlet  spillway 
and  the  two  overflow  sections,  the  surface  area,  and  reservoir  storage 
voluaM  are  defined  by  elevations  as  shown  in  Table  3- 

The  rating  curve  for  the  drop  inlet  spillway  is  shown  in  Table  4. 

The  discharge  rating  curve  for  this  spillway  was  calculated  assuming  the 
inlet  was  acting  as  a  sharp-crested  circular  weir.  The  flow  over  the 
crest  of  the  dam  and  through  the  two  overflow  sections  was  determined 
using  the  non-level  dam  crest  option  ($L  and  $V  cards)  of  the  HEC-1 
program.  The  program  assumes  critical  flow  over  a  broad-crested  weir. 

The  result  of  the  routing  analysis  indicates  that  the  drop  inlet 
and  the  overflow  sections  will  pass  a  flood  equivalent  to  65  percent  of 
the  PMF  without  overtopping  the  dam. 
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A  lumry  of  the  routing  analysis  for  different  ratios  of  the  PMF 
is  shown  in  Table  5. 

The  coaq>uter  input  data  and  a  summary  of  the  output  data  are  pre¬ 
sented  at  the  back  of  this  appendix. 


TABLE  1 

SYNTHETIC  UNIT  HYDROGRAPH 


ParasMters : 


Drainage  Area  (A) 

Hydraulic  Length  of 
Watercourse  (L) 

Hydrologic  Soi?  Cover 
Cosq>lex  Number  (CN') 

Average  Watershed  Land 
Slope  (Y) 

Lag  Time  (L  ) 

8 

Tine  of  concentration  (T^) 
Duration  (D) 


818  acres 
4,200  feet 

92  (AMC  III)  81  (AMC  II) 

1.4% 

0.61  hours  (AMC  III)  0.89  hours  (AMC  II) 

1.02  hours  (AMC  III)  1.48  hours  (AMC  II) 

4.9  min.  (AMC  III)  7.1  min.  (AMC  II) 

(use  5  minutes  in  each  case) 


Time  (Min.)  *  Discharge  (cfs)  * 

AMC  III  AMC  II 


0 

0 

0 

5 

47 

18 

10 

142 

57 

15 

275 

107 

20 

467 

172 

25 

686 

256 

30 

848 

358 

35 

936 

465 

40 

946 

555 

45 

910 

619 

50 

830 

654 

55 

734 

662 

*  From  HEC-1  computer  output 
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TABLE  I 


(Continued) 


Tine  (Min.)  * 

Discharge 

(cfa)  * 

AMC  III 

AMC  11 

60 

606 

658 

65 

472 

632 

70 

376 

593 

75 

304 

548 

80 

250 

497 

85 

205 

435 

90 

167 

365 

95 

134 

305 

100 

110 

264 

195 

0 

280 

0 

*  from  HEC-1  computer  output 


FORMULAS  USED: 


L 


8 


S 

T 

c 

D 


1,900 

1000 

CN’ 

L  /0. 

8 

0.133 


(S  ♦  1) 


.0.5 


10 


6 

T 


0.7 


(7) 


TABLE  2 


RAINFALL-RUNOFF  VALUES 


Selected  Storm 

Storm  Duration 

Rainfall 

Runoff 

Loss 

Event 

(Hours) 

(Inches) 

(Inches) 

(Inches) 

PMP 

24 

32.24 

31.22 

1.02 

1\  Probability 

24 

7.59 

5.36 

2.23 

Additional  Data: 

1)  The  Soil  Associations  in  this 

watershed  were: 

80  percent  Polo-Sogn,  hydrologic  soil  groups  B  and  D. 
20  percent  Sharpsburg-Higginsville ,  hydrologic  soil 


groups  B  and  C  (1) 

2)  SCS  Runoff  Curve  CN  =  92  (AMC  III)  for  the  PMF. 

3)  SCS  Runoff  Curve  CN  =  81  (AMC  II)  for  the  one  percent 

probability  flood. 


TABLE  3 

ELEVATION,  SURFACE  AREA,  STORAGE,  AND  DISCHARGE  RELATIONSHIPS 


Elevation 

(feet-MSL) 

Lake 

Surface  Area 
(acres) 

Lake  Storage 
(acre-ft) 

Drop  Inlet 
Spillway 
Discharge 
(cfs) 

Overflow 

Sections 

Dischargi 

(cfs) 

*983.3 

146 

1,910 

0 

0 

**985.2 

161 

2,280 

69 

0 

***988.3 

190 

2,740 

140 

2,550 

989.1 

196 

2,900 

174 

4,820 

*Drop  inlet  spillway  crest  elevation 
**East  overflow  section  crest  elevation 
***Top  of  dam  elevation 


The  relationships  in  Table  3  were  developed  from  the  Lake  Jacomo,  Missouri, 
7.5  minute  quadrangle  map  and  the  field  measurements. 


TABLE  4 


SPILLWAY  RATING  CURVE 


Reservoir 
Elevation  (ft-aal) 


Primary  Spillway 


Discharge  (cfaj 


*983.3  0 

983.8  17 

984.0  27 

984.5  51 

985.0  65 

985.5  76 

986.0  85 

987.0  99 

988.0  128 

**988.3  140 

989.0  171 

990.0  195 

991.0  197 

992.0  200 

995.0  207 


*Drop  inlet  Spillway  Crest  Elevation 
**Top  of  Dam  Elevation 

METHOD  USED: 

Drop  inlet  spillway  releases  were  based  on  flow  over  a  sharp-crested 
circular  weir: 

Q  =  C^  (2  irRg)  (Cq  =  3.8  to  1.0  -  varying  with  approach 

depths  and  types  of  flow,  Rs  =  2.0  feet  =  radius  of  the  pipe  in 
feet  for  the  spillway,  Hq  is  the  head  on  the  weir  in  feet)  (8). 

Overflow  section  releases  were  computed  by  HEC-1  from  geometry 
data  input  on  $L  and  $Y  cards.  Discharge  through  these  sections  for 
the  probable  maximum  flood  and  other  ratios  of  the  probable  maximum 
flood  was  determined  by  the  equations  for  flow  over  a  non-level 
crest . 


d  =  2/3  (H  +  1/4  AY) 
c  m 

A  *  1/2  T  (2dc  -  AY) 


(A3g/T)0'5 


METHOD  USED:  (Continued) 
where : 

dc  =  critical  depth  (feet) 

H  =  available  specific  energy  which  is  taken 

to  be  the  height  of  the  water  surface  in  the 
reservoir  above  the  bottom  of  the  section  (feet) 
AY  =  change  in  elevation  across  the  section  (feet) 

A  =  flow  area  (sq.  ft.) 

T  =  top  width  (feet) 

Q  =  flow  (cfs)  2 

g  =  32.2  ft/sec  =  acceleration  due  to  gravity. 


TABLE  5 

RESULTS  OF  FLOOD  ROUTINGS 


Ratio 

of 

PMF 

Peak 

Inflow 

(CFS) 

Peak  Lake 
Elevation 
(ft.-MSL) 

Total 
Storage 
(AC. -FT.) 

Peak 

Outflow 

(CFS) 

Depth 

(ft.) 

Over  Top 
of  Dam 

Duration 
(hrs . ) 
Over  Top 
of  Dam 

- 

0 

*983.3 

1,910 

0 

- 

- 

0.50 

4,110 

987.7 

2,620 

1,470 

0 

0 

0.65 

5,340 

988.2 

2,730 

2,540 

0 

0 

1.00 

8,210 

989.1 

2,900 

5,820 

0.8 

2.7 

*  Drop  inlet  spillway  crest  elevation 
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